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Abstract 
This article examines the preliminary laboratory research on remediate atrazine contaminated soil and explores the 
degradation effect of resistant plants on atrazine contaminated soil, using sorghum hybird sudangrass, ryegrass and 
pennisetum. The findings turned out that the amount of remained atrazine in rhizosphere soil decreased gradually 
during the remediating procedure by sorghum hybird sudangrass and ryegrass with the degradation rates showing 
75.10% and 74.20% respectively on the 40th day. Ryegrass shows slightly less effects than sorghum hybird 
sudangrass. Meanwhile, when remediate atrazine by pennisetum, according to the remediating data, atrazine was 
degraded fast in rhizosphere soil during the first 14 days, with 4.77mg.kg-1 residual atrazine and a degradation rate of 
85.70%. Therefore, remediation effects vary upon using different plants, the best choice being pennisetum, followed 
by sorghum hybird sudangrass and ryegrass.  
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1.  Introduction  
Atrazine as triazine halide compounds, is a highly selective herbicide using mainly to protect against 
broadleaf weeds and grass weeds in fields of corn, sorghum and sugarcane, which has been worldwidely 
applied more than 40 years. The stable chemical properties of and durable retention in soil of atrazine 
together with its biological savings make a negative effect on the growth of the succeeding crops; and the 
high solubility in water makes atrazine contaminate groundwater severely [1-6]. With its long persistence, 
the half-life of atrazine can be from weeks to months, even last yearly [7-8]. Rice, wheat, soybean and 
sugarbeet are sensitive to atrazine which can damage cucumber, Chinese cabbage, brocoli etc.. 
Consequently, residues atrazine in soil can easily cause damage to plants [9]. 
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Plant remediation refers to the technique of remediation and eliminating soil contamination causing by 
organic toxicants and inorganic toxicants using plants [10]. Because of its less investments and conservation 
of site construction and with secondary contamination of groundwater, it shows great advantages over 
processing heavy metal and organic wastes, being a safe technology of liable effect and friendly to 
environment [11]. Compared with microbial remediation, plant remediation is more suitable to operate and 
be applied to larger area. Accordingly, the research on plants remediation of organic contaminated soil has 
reached a brilliant new applicable level [12].  
2. Materials and methods  
2.1  Tested materials  
The tested grass: sorghum hybird sudangrass, ryegrass and pennisetum 
The tested soil: 0-30cm topsoil was taken from Xiang Fang Experimental Farm in Heilongjiang 
Province. The soil samples were naturally dried at room temperature, then crushed, sifted, and stored in a 
dry well-ventilated place for use. 
2.2  Experiment Design  
1) Greenhouse pot experiment 
A pot experiment was carried out in the greenhouse laboratory of Northeast Agricultural University. 
Each pot contains 500g soil, with certain atrazine of 10mg/kg concentration. Three tests were to follow: 1: 
sorghum hybird sudangrass remediate atrazine contaminated soil; 2: ryegrass remediate atrazine 
contaminated soil; 3: pennisetum remediate atrazine contaminated soil. Each experiment established a 
bland control, and should be repeated three times. The same concentrated atrazine contaminated soil 
whereas destroyed by different plants was treated as rhizosphere soil. During the whole experiment, the 
fixed amount of water is needed and make sure the water should not overflow the container to avoid 
contaminated soil loss altering the experiment findings. Sampling should be taken and wait for testing at 
the 0, 7, 14, 21, 28, 40 days after establishing seedling. 
2) Extraction and determination of atrazine 
10g of the soil of the grass was taken from the rhizosphere soil, and put in a 250mL conical flask. 
50mL of methanol / water (9:1, V: V)was added, it was oscillated 2h, decompression to the 500mL 
leaching vacuum bottle, turn to Round-bottom flask, and then in the rotary evaporator 50°C water bath 
vacuum steam to methanol, the aqueous phase was transferred to 500mL separatory funnel. 120mL 
chloroform was added at 3 different times, it was shaken for 1 min each time. Then it was put aside for 
stratification, the separation of the lower organic phase. It was dehydrated with a small amount of 
anhydrous sodium sulfate, and then in the rotary evaporator 50°C water bath vacuum steam to dry almost 
for the gas-phase chromatography. 
The formula to calculate the degradation rate was as follows: 
ҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏ 
(1) 
 
X: Degradation rate (%); 
C1: Atrazine concentration of the starting soil (mg/kg); 
C2: The remaining atrazine concentration in the soil after bioremediation (mg/kg). 
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3. Results and discussion 
3.1  Degradation of atrazine in sorghum hybird sudangrass rhizosphere soil 
 
 
 
 
 
 
Figure 1.   Degradation of atrazine in sorghum hybird sudangrass rhizosphere and non-rhizosphere soil 
The findings show that the degradation dynamics of atrazine in sorghum hybird sudangrass rhizosphere 
soil are different from the figures in non-rhizosphere soil. After growing sorghum hybird sudangrass for 40 
days, the residual amount of atrazine in sorghum hybird sudangrass rhizosphere soil is 2.49mg.kg-1. In the 
first 14 days, the residual amount of atrazine in sorghum hybird sudangrass rhizosphere is higher than the 
amount in non-rhizosphere soil, and it reached the same level at the 14th day. After 14 days or so, the 
residual amount in sorghum hybird sudangrass rhizosphere soil turns to be lower than non-rhizosphere soil, 
and the degradation rate is higher than non-rhizosphere soil. With comparison of the residual and 
degradation rate of sorghum hybird sudangrass rhizosphere soil and non-rhizosphere soil, it shows that 
growth of sorghum hybird sudangrass is more favorable for atrazine degradation in soil in this experiment. 
3.2  Degradation of atrazine in ryegrass rhizosphere soil 
 
 
 
 
 
 
Figure 2.   Degradation of atrazine in ryegrass rhizosphere and non-rhizosphere soil 
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The results show that the degradation dynamics of atrazine included in rhizosphere soil of ryegrass is 
different from that in the non-rhizosphere soil. After 40 days of planting ryegrass, the residues of atrazine 
in soil are 2.58mg.kg-1. In the former 14 days, the residues of atrazine included in rhizosphere soil of 
ryegrass is more than that in the non-rhizosphere soil. When it comes to the 14tn day, the two kinds of soil 
keep the same residues of atrazine. After about 14 days later, the residues of atrazine included in 
rhizosphere soil of ryegrass is lower than that in the non-rhizosphere soil, on the contrary the degradation 
rate is higher than that in non-rhizosphere soil. Compare the residues with degradation rate of atrazine 
included in rhizosphere soil of ryegrass and that in the non-rhizosphere soil. Planting ryegrass in this 
experiment is useful to the degradation of atrazine in the soil. However, the remediation effect of ryegrass 
is lower than that of sorghum hybird sudangrass. 
3.3  Degradation of atrazine in pennisetum rhizosphere soil 
 
 
 
 
 
 
Figure 3.   Degradation of atrazine in pennisetum rhizosphere and non-rhizosphere soil 
The results show that atrazine degradation in rhizosphere grown with pennisetum is different from non-
rhizosphere soil. The degradation dynamics of atrazine in pennisetum rhizosphere soil is as following: at 
the preliminary stage of the first 14 days, atrazine gets rapidly degraded in rhizosphere soil with the 
remained 4.77mg.kg-1 atrazine at the 14th day. However, after 14 days, the amount of atrazine was 
decreased slowly and reached to only 1.43mg.kg-1 at the 40th day and the degradation rate is 85.7%. 
Compared with sorghum hybird sudangrass and ryegrass, pennisetum remediates atrazine contaminated 
soil faster, which makes its relevant principle more worthwhile. 
4. Conclusion  
x The residual amount of atrazine in sorghum hybird sudangrass remediating process decreases slowly. 
At the 40th day, atrazine degradation rate is 75.10%, sorghum hybird sudangrass plays a greater role in 
remediating atrazine contaminated soil. 
x The residual amount of atrzine in ryegrass remediating process decreases slowly. At the 40th day, 
atrazine degradation rate is 74.20%. The effect of ryegrass remediation is slightly lower than sorghum 
hybird sudangrass. 
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x The results of pennisetum remediating atrazine contaminated pot experiment show that: at the 
preliminary stage of the first 14 days, atrazine gets rapidly degradated in rhizosphere soil with the remained 
4.77mg.kg-1 atrazine at the 14th day, and at the 40th day the residual amount of atrazine in rhizosphere is 
1.43mg.kg-1 and atrazine degradation rate is 85.70%. Therefore, it turns out to be that compared with 
sorghum hybird sudangrass and ryegrass, pennisetum remediates atrazine contaminated soil faster, which 
makes its relevant principle more worthwhile. 
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